OBJECTIVE: To evaluate the validity of the Durnin±Womersley equations and to derive our local predictive equations for body fat from upper limb skinfold thicknesses in older Chinese people in Hong Kong. To evaluate the validity of mid-arm circumference and corrected arm muscle area in predicting lean tissue mass in the same population. DESIGN: Comparison of fat percentages predicted by Durnin±Womersley (D±W) equations with those estimated by Dual energy X ray absorptiometry (DXA). Predictive equations derived from regression between upper limb skinfold thicknesses and fat percentages estimated by DXA were similarly evaluated in internal and external validation groups. Mid-arm circumference (MAC) and corrected arm muscle area (CAMA) were correlated with the limb lean tissue mass, body lean tissue mass and fat percentage. SUBJECTS: 354 female and 263 male, apparently well, community dwelling subjects, aged 69±82 y; of which 40 subjects of each sex were randomly selected from the study population for internal validation of the local predictive equations; 60 female and 33 male hospital medical outpatients, aged 61±87 y, were recruited for external validation. MEASUREMENTS: Triceps and biceps skinfold thicknesses, mid-arm circumference, body mass index, fat percentages, limb and whole body lean tissue masses estimated by Hologic QDR-2000 bone densitometer. RESULTS: Fat percentages calculated by D±W equations were signi®cantly different from those estimated by DXA (average difference 22.4 (s.d. 4.8)% and 12.1 (5.2)% in females and males respectively). The corresponding differences for our local predictive equations were not signi®cant (20.9 (4.7)% and 20.5 (5.0)% in females and males respectively). There was a trend of under-estimation of body fat with increasing fatness. In the hospital medical outpatients, there was a signi®cant difference between fat percentages predicted by our equation and those by DXA in female (22.9(5.3)%), but not in male (10.3(4.3)%) subjects. In males, MAC correlated with limb and body lean tissue masses as well as with fat percentage (r 0.60, 0.68, 0.65 respectively). CAMA correlated similarly well with lean tissue masses but was more independent of fat percentage (r 0.61, 0.65, 0.44 respectively). In females, both MAC and CAMA correlated poorly with limb and body lean tissue masses. Moreover, MAC correlated well with fat percentage (r 0.80). CONCLUSIONS: Upper limb skinfold thicknesses measurement is a valid means of predicting body fat in older Chinese people. Local predictive equations were more reliable that D±W equations. They were, however, subject to errors at the extreme ends of body fatness and in the presence of disease. In older females, MAC and CAMA were not reliable in predicting lean tissue mass, but MAC could be used to predict fat percentages. In older males, CAMA was more reliable than MAC in predicting lean tissue mass.
Introduction
Subcutaneous skinfold thicknesses (SKT) have been widely used to estimate body fat. The main advantages are simplicity of use and suitability for epidemiological studies. Multiple SKT have been shown to be superior to other bedside measures of body fat, 1 and in the physically disabled older people, upper limb SKT measurement is a useful bedside tool of nutritional assessment. There are, however, suggestions that SKT are less reliable in predicting body fat of older people because of increased variability in the density of fat free mass, 2 reduced bodily proportion of subcutaneous fat 3 and decreased skin compressibility. In addition, the commonly used predictive equations, such as those of Durnin±Womersley (D±W), 4 were primarily based on adult Caucasian populations. There have been recent studies to suggest that D±W equations were applicable in Chinese adults, 5, 6 but their validity in older Chinese people requires further evaluation.
The most widely accepted anthropometric indices of lean tissue mass are mid-arm circumference (MAC) and arm muscle area (AMA). In order to correct for bone area, equations for corrected arm muscle area (CAMA) were later proposed. 7 Initially developed for the evaluation of malnourished children in the ®eld, these measurements have been increasingly used in the nutritional assessment of hospitalized patients. Low CAMA in older people has been shown to be associated with increased mortality in hospital and community studies. 8, 9 . However, the validity of MAC and CAMA in predicting lean tissue mass in older people requires investigation. This study investigated the validity of the D±W equations in the older population in Hong Kong. In addition, we derived and validated our local predictive equations for fat percentages from upper limb SKT, by using Dual Energy X ray Absorptiometry (DXA) as the reference method. The reliability of MAC and CAMA in predicting lean tissue mass in the older Chinese people was also investigated.
Subjects and methods
The study subjects comprised of 354 women and 263 men, aged 69±82 y old, recruited from local public housing estates in Hong Kong. To derive and cross validate our local predictive equations, the study subjects were randomly divided into two groups: (a) determination group comprising 314 women and 223 men for deriving the equations, and (b) internal validation group comprising 40 of each sex. 60 female and 33 male medically stable, and self ambulatory medical outpatients, aged 61±87 y, were recruited for external validation of the local equations. The commonest major diagnoses were hypertension (16F, 8M), musculoskeletal problems (14F, 6M), chronic obstructive airway disease (5F, 9M), ischaemic heart disease (3F, 4M), peptic disease (4F, 1M), and cerebrovascular disease (2F, 2M). Twelve female and one male outpatients had functional symptoms only. Those with signi®cant¯uid retention were excluded.
All subjects had body fat percentages (Fat% DXA ) estimated by Dual Energy X ray Absorptiometry (DXA, Hologic QDR-2000 bone densitometer, Software: Enhanced Array Whole Body V5.67A). The lean tissue mass of the left arm and the whole body were also estimated by DXA. 10 In all subjects, the total body mass measured by DXA did not differ from the measured body weight by more than 1 kg. All subjects wore a standard light gown.
Body weight was measured to the nearest 0.1 k by a standard beam balance. Height was measured to the nearest 0.5 cm without shoes. SKT were measured to the nearest 0.1 mm by a pair of Holtain calipers (Holtain Ltd., Crymych, Dyfed) in duplicate in the following sites of the left arm: (1) triceps, midpoint between acromion process and the olecranon process (TSF); (2) biceps, at the same level as TSF, directly above the centre of the cubital fossa (BSF). In all the study subjects, MAC (cm) was measured at the same level as TSF with a soft tape measure. The average of two readings was taken. CAMA (cm Body density was calculated by D±W equations for the over 50 y old. 4 Fat percentage was then calculated by applying the Siri equation, 11 resulting in the following equations; Fat percentage estimate (Fat% D±W ) 4.95/(C 7 M 6 log(TSF BSF)) 7 4.5 Wt; C 1.226 women, 1.1185 men; M 0.0710 women, 0.0683 men.
To evaluate D±W equations, the differences between the calculated fat percentage and those estimated by DXA (Fat% D±W 7 Fat% DXA ) were plotted against the mean of the two values as suggested by Bland and Altman 12 in all study subjects. The bias was de®ned as the mean difference. The 95% con®dence intervals (95% CI) of errors were de®ned as the mean AE 1.96 6 standard deviation of the difference. Fat% D±W and Fat% DXA were also compared by Pair Student t-test.
To derive our local predictive equations, Fat% DXA was plotted against the log of the sum of TSF and BSF in the determination group. The regression equations for fat percentages were derived for each sex. The regression equations were then applied in the internal validation groups and the medical outpatients. The differences between the calculated fat percentage (Fat% Skinfold ) and Fat% DXA were analyzed in the same manner as Fat% D±W . For group comparison of physical characteristics, Student t-tests were used for parametric data, Mann-Whitney tests for non-parametric data.
Results
The physical characteristics of the study group subjects were shown in Table 1 . The female subjects were older, fatter and shorter than the male subjects. There was no signi®cant difference between the determination and internal validation groups in any of the parameters.
To evaluate D±W equations, Fat% D±W 7 Fat% DXA were plotted against the mean of the two fat percentages in Figure 1 . The bias and 95% CI of errors are shown in Table 2 .
For the study subjects, the regression between the log of the sum of TSF and BSF, and Fat% DXA in older women and men are shown in Figure 2 . The correlation coef®cients were 0.84 and 0.71 respectively. The explained variances (R 2 ) were 0.70 and 0.51 in women and men respectively. The standard deviations of residuals from the line were 4.7% and 5.1% in women and men respectively. The regression equations for fat percentages from SKT (Fat% Skinfold ) were as follows:
Fat% Skinfold M 6 log (BSF TSF) To evaluate the local predictive equations, Fat% Skinfold 7 Fat% DXA were plotted against the mean of the two fat percentages in the internal validation subjects in Figure 3 (1A, 1B) . The bias and 95% CI of errors are shown in Table 2 .
The physical characteristics of the medical outpatients are shown in Table 3 , and none of the parameters were signi®cantly different from those of the determination groups. Fat% Skinfold 7 Fat% DXA was plotted against the mean of the two fat percentages in Figure 3 (2A, 2B) . The bias and 95% CI of errors are shown in Table 3 .
For the study subjects, the correlation coef®cients between MAC, CAMA and left arm lean tissue mass, body lean tissue mass, fat percentage are shown in Table 4 .
Discussion
All the study subjects were Chinese recruited from the low cost public housing estates where 80% of the older people in Hong Kong resided. Their mean body mass indices were comparable with those previously reported in Hong Kong. 13 As in a previous local survey, the older female Chinese subjects were fatter than the older male subjects. 13 Overall, the Chinese subjects had lower body mass index and lower TSF than the norms of older people in the United Kingdom and the United States. 14, 15 DXA is increasingly used to analyze body composition. It has been shown to be a suitable alternative to densitometry or deuterium oxide dilution. 1, 16 Compared with the other two methods, DXA is more Figure 1 Scatter plot of the differences between fat percentages estimated by Durnin±Womersley equations and those by Dual energy X ray absorptiometry (Fat% D±W 7 Fat% DXA ), against the mean of the two fat percentages in female and male. The dotted line ± ± ± showed the mean difference; the ®ne dotted line ------showed 95% CI of errors. D±W equations 4 together with the Siri equation are the most commonly used equations for the estimation of fat percentages from SKT. Densitometry was used as the reference method in the D±W study. With differences in age, ethnicity and reference method, it was not surprising that the D±W equations gave estimates which were signi®cantly different from those by DXA in our older Chinese subjects. There have been few studies to evaluate the validity of the commonly used predictive equations for body fat from SKT in older people. In a Dutch study of older people, fat percentages were shown to be signi®cantly underestimated by the commonly used predictive equations based on SKT in both sexes, when compared with densitometry (for D±W equations, bias 7 6.0 (s.d. Figure 3 Scatter plot of the differences between f at percentage calculated by regression equation and that measured by Dual energy X ray absorptiometry (Fat% Skinfold 7 Fat% DXA ) against the mean of the two fat percentages in (1A) female internal validation group, (1B) male internal validation group, (2A) female medical outpatients, (2B) male medical outpatients. The dotted line ± ± ± showed the mean difference; the ®ne dotted line ------showed the 95% CI of errors. Figure 2 Regression of total body fat percentage estimated by Dual energy X ray absorptiometry (Fat% DXA ) against the log of the sum of triceps and biceps skinfolds (log skinfolds) in older women and older men.
5.9)% in female, 7 4.1(5.6)% in male). 18 An American study involving less older subjects showed that D±W equations signi®cantly under-estimated fat percentages in older men and women (bias 7 5.7% in female, 7 3.4% in male), while giving good estimates in younger subjects. 19 In contrast to these studies, we found less under-estimation of fat percentages by D±W equations in female and over-estimation in male. Direct comparison is not feasible because the Caucasian subjects were fatter; the reference methods were different; and the sum of four instead of two skinfolds was used in both studies.
Wang and Deurenberg 5 recently found no signi®-cant difference between estimates from D±W equation and those from densitometry in Chinese adults in Beijing (bias 1.1(s.d. 4.9)%, 7 0.2(4.9)%, in women and men respectively). De Waart et al 6 showed similar ®nding in female adults in Beijing, using deuterium oxide dilution as the reference method. The unreliability of D±W equations in older Chinese people observed in this study was therefore more likely to be caused by the effect of ageing than by racial differences.
Most researchers recommended the use of SKT measurement at four or even more body sites. The rationale is that some individuals may have very different distribution in subcutaneous fat. However, the difference in the overall correlation with body fat between multiple sites and single sites was marginal. 4 In this study, we measured the upper limb skinfolds only, on the ground that they were more accessible, and the subjects did not need to undress. This is an advantage when one measures SKT in the physically disabled older people.
Our local predictive equations gave good estimates of fat percentages in the internal validation groups. On the individual level, the 95% CI of errors were in the range of 10% under or over-estimation. This is comparable to those reported in other studies using equations derived from multiple SKT and other anthropometric parameters in adults and older people.
18±20 When compared with D±W equations, the bias of the local equations was signi®cantly smaller, and the standard deviation of the differences similar.
There was a trend of under-estimation of fat percentages in fatter subjects when the local predictive equations and D±W equations were applied. This problem has also been observed in younger people. 21 One of the reasons is that SKT are dif®cult to measure reliably in obese people. It has also been suggested that the proportion of internal fat increases with increasing body fatness. 21 Among the hospital medical outpatients, our predictive equation was less reliable in the female subjects, there being signi®cant under-estimation, especially when the fat percentages were greater than 40%. Although the hospital subjects were all apparently well, they were more likely than the study subjects to have medical conditions, for example hypertension and ischaemic heart disease, which were associated with increase deposition of internal fat. 22, 23 The assessment of under-nutrition is important in older people, especially in those with disease. The potential problem of the use of SKT in the very thin is that the thickness of subcutaneous fat to be measured is very small; small variation in the measurement would result in large variation of the estimated fat mass or percentages. 4 This study included a few validation subjects with Fat% DXA less than 15% and the regression equations gave reasonably good estimates, over-estimating fat percentages up to 10%. Further evaluation of the use of SKT in the very thin older people is needed.
This study showed that neither MAC nor CAMA were reliable in predicting lean tissue mass of both the measured arm and the whole body in older female, while MAC was comparable to log SKT in their correlation with body fat percentage. This suggested that in older women, the proportion of muscle mass in the upper limbs was much lower than that of fat mass, most probably as a result of ageing. These ®ndings were consistent with another study of post-menopausal women. 24 In older male subjects, MAC and CAMA correlated suf®ciently well with the limb and body lean tissue masses, though the correlation was weaker than that between AMA and upper limbs lean tissue mass observed in younger adults of both sexes (r 0.82). 10 This suggested that even in older males, the relative proportion of muscle mass in the upper limbs decreased with ageing. When compared with MAC, CAMA had similar correlation with limb and body lean tissue masses, but it was more independent of body fat percentages. CAMA should therefore be the preferred measurement of lean tissue mass in older men.
Conclusions
SKT is a valid means of predicting fat percentages in older Chinese people. Our predictive equations gave better estimates of fat percentages than D±W equations in the local older population. Body fat tended to be under-estimated by SKT in the fatter older people. The use of our predictive equations in the very lean and the diseased needs to be further evaluated. In older women, MAC and CAMA were unreliable in predicting lean tissue mass, but MAC correlated well with fat percentage. In older men, CAMA was a more speci®c indicator of lean tissue mass than MAC.
